A new internal fixation device was applied to 41 proximal tibial osteotomies to ensure against loss of postoperative correction. An oblique osteotomy was stabilized by two screws and a five-hole onehalf tubular plate. Thirty-six patients with 41 proximal tibial osteotomies were reviewed for an average roentgenographic follow-up time of 22.6 months (range, six to 48 months) with no loss of correction. In addition, 16 patients with 19 osteotomies and a minimum clinical follow-up time of two years were reviewed using the Hospital for Special Surgery knee scoring system; these early results demonstrated a similar outcome to previously published series. The new fixation device is simple to use, permits early postoperative motion, and maintains the exact correction obtained at the time of surgery.
results, in association with some recent controversy in the literature regarding the potential detrimental effects of osteotomy on the future results of total knee arthroplasty (TKA), has prompted a search for alternative management schemes for the patient with varus gonarthrosis. This is especially true in elderly patients in whom the early results of the newer unicompartmental arthroplasties are e n~o u r a g i n g '~.~~ and the long-term results of TKA are well documented, predictable, and good. 10,17.25 The refore, despite years of utilization, the status of proximal tibial valgus osteotomy has reached an impasse concerning its future role as a management tool in the treatment of medial compartment arthritis. Even its role as a temporizing procedure is being challenged by the emergence of various alternatives, such as arthroscopic debridement and c h~n d r o p l a s t y ,~, '~~ which do not distort osseous anatomy for future reconstructive procedures. Therefore, unless the etiology of the deterioration of clinical results can be identified and corrected, proximal tibial osteotomy will eventually be abandoned as a procedure in the management of varus gonanhrosis.
A review of the existing literature suggests some common factors associated with a poor long-term outcome, including the lack of a precise osteotomy, resulting in either overcorrection or u n d e r c o r r e c t i~n~~~~~~ '8*22-24 and loss of correction that was originally obtained at the time of surgery.1~h~s~9~12~22~2 Ideally, one could expect improved results if Proximal Tibia1 Osteotomy a precise osteotomy could be performed with the ability to maintain that correction over the long term. Although both factors are important, maintenance of correction is most essential because precision is of no value if the osteotomy cannot be maintained at the selected angle of correction. The most popular system in use today for fixation of the osteotomy is staples usually augmented by the use of casts. Although no evidence exists to suggest that this form of fixation results in loss of correction, the fact that recurrence of varus deformity is com-m0n698*9-22-26.28 may imply that stability of the osteotomy is less than optimal. In addition, staples would not be adequate if early postoperative motion were desirable such as in those cases in which a chondroplasty is performed concurrently with the osteotomy. For these reasons, a search for a system of fixation that is easy to use, allows early postoperative motion, and provides more stability than staples was undertaken. A technique originally described by Weber and Brunne?' seemed to fulfill some of these criteria. This technique utilized a bent one-half tubular plate and one screw to stabilize the osteotomy. At the authors' institution, this technique was modified; the plate was bent so that the plate and two screws could be used to stabilize an oblique osteotomy. The purpose of this paper is to describe this fixation technique, to determine whether correction is maintained early, and to report the early clinical results, failures, and complications following its use.
MATERIALS AND METHODS
From August 1983 to June 1987, 36 patients with medial compartment gonarthrosis had 4 1 proximal tibial valgus osteotomies utilizing a modified Weber technique." Thirty-one patients had a unilateral procedure, and five had bilateral procedures. All patients had a minimum followup period of six months with an average time of 22.6 months (range, six to 48 months). Roentgenographic examination consisted of anteropostenor (AP), varus, and valgus stress views and oneleg standing and lateral roentgenograms of the af-fected knees in all patients. In 38 of the 41 osteotomies, a follow-up orthoradiogram was available as well. Three of the patients were either not available for review or refused any further examination and therefore did not have an orthoradiogram performed. From the roentgenograms available, the preoperative, postoperative, and follow-up femorotibial angles were determined and compared. In addition, in those 38 cases in which an orthoradiogram was available, the hipknee-ankle axis was determined and documented. This angle was measured by drawing a line from the center of the femoral head to the center of the knee and then from there through the center of the ankle. A normal angle would be approximately 180", a varus knee would have values less than 180", and one in more valgus than physiologic would have values greater than 180". Finally, the mechanical axis was drawn on all orthoradiograms from the center of the femoral head to the center of the ankle joint. The point where the axis crossed the tibial plateaus was noted. Because the majority of cases had been corrected to a valgus angle of 8" or better, the mechanical axis passed most often through the lateral tibial plateau. The point where it crossed the lateral plateau was documented as a percentage of the lateral plateau width.
The second part of the study consisted of a clinical review of those patients with a minimum of two years from the time of their surgery. There were 16 patients with 19 osteotomies in this group. Three patients had bilateral procedures. Two of the patients were not available for clinical review, This resulted in 14 patients with 17 osteotomies in the clinical study. The clinical examination consisted of both subjective and objective data documented using the Hospital for Special Surgery (HSS) knee scoring system."
All patients in this series were treated for medial compartment gonarthrosis. Contraindications to surgery included varus angulation of greater than lo", a flexion deformity greater than 20", and an arc of knee motion less than 90". Age and moderate patellofemoral symptoms were not considered to be contraindications to surgery.
Preoperative planning included the determination of the femorotibial angle, and the aim of surgery was to correct that angle to 2"-3" past the physiologic valgus of approximately 7". As an oblique osteotomy was performed, templates were drawn to determine the size of wedge that it was necessary to remove to give the desired correction.
The patient is placed in the supine position and the affected leg, thigh, and hip up to the iliac crest are prepared and draped. A sterile pneumatic tourniquet is applied to the thigh and inflated to C. nical Onhopaedcs anti Related Researcn
FIG. I . The finished product ready for insertion.
A five-hole, one-half tubular plate has been bent between the third and fourth holes and also at the fifth hole. The two screws are inserted through the fourth and fifth holes, which lie on the lateral aspect of the tibia. The top screw crosses the osteotomy site while the bottom screw is inserted outside the osteotomy into the distal tibial fragment. 400 mmHg. An anterolateral incision is made at the knee bisecting the distance between the fibular head and the tibial tuberosity. The incision is started approximately 2 cm proximal to the lateral joint line and extended distally for 10-12 cm. The skin and subcutaneous tissue are divided, and the tibial tuberosity, patellar tendon, and anterior compartment musculature are all exposed. The anterior compartment muscles are sharply dissected from the proximal tibia until the proximal tibiofibular joint and fibular head are exposed. A step cut fibular osteotomy is performed. The joint line is then marked both medially and laterally using fine Kirschner wires. At this stage another K-wire is placed in the medial tibial cortex approximately 2 cm distal to the medial joint line. This point will act as the medial hinge where the two arms of the osteotomy are to meet. The tibial tuberosity is then partially elevated using an osteotome. This is necessary to prevent damage to the tuberosity when performing the osteotomy because the oblique nature of the cut makes the osteotomy lie behind the proximal part of the tubercle.
The plate is then prepared (Fig. I) . A five-hole, one-half tubular plate is used from the regular A 0 set. The three-hole end of the plate is slightly flattened up to the third hole using a hammer. Using bending anvils or pliers, the plate is bent at the fourth hole approximately 110" and then bent at the fifth hole in the opposite direction for about 20". It is crucial not to bend the plate back and forth because this may weaken the plate structurally and result in breakage at the bending sites. The plate now resembles a lazy S-shape and looks like a miniature blade plate with three holes of the plate in the blade portion and the fourth and fifth holes on the lateral aspect, which come to lie along the lateral tibial surface once inserted.
It is then necessary to insert a 2.5-mm threaded K-wire into the proximal tibia parallel to the joint line and approximately 1 crn distal to it. This wire serves two purposes. First, it acts as a guide for insertion of the plate. Second, it prevents the plate from migrating into the joint if inserted incorrectly. A seating hole is then made for the plate in the proximal tibia just 0.5 cm distal to the guide wire using a I-cm osteotome. The osteotome is driven through the lateral tibial cortex and into the cancellous bone for approximately 2-3 cm, which provides an adequate seating hole to start the flat portion of the plate. The plate is then inserted into the proximal tibia for two holes so that there is good purchase in the cancellous bone. An oblique osteotomy is performed for the calculated amount of correction ( Fig. 2 ). It is important to protect the neurovascular structures posteriorly and the tibial tuberosity anteriorly while performing the osteotomy. The osteotomy cuts should meet just at or short of the medial tibial cortex so that a medial corticoperiosteal hinge is maintained. With the osteotomy performed and the bone wedge removed, the osteotomy is closed. The plate is then driven in completely.
Once the osteotomy is closed, it is held in position using a 4.5-mm cortical screw through the fifth hole in the plate. This screw will not cross the osteotomy but will serve to anchor the plate to the distal tibial fragment. With the osteotomy now relatively stable, a second screw, which can be either a 4.5-mm cortical screw or a 6.5-mm cancellous screw, is inserted through the fourth hole across the osteotomy site so that it provides both compression and stability (Fig. 3) . The knee is put through a full range of motion to assure that there is stability. The K-wires are removed, and intraoperative roentgenograms are taken before the tourniquet is deflated. Hemostasis is obtained, and the anterior Compartment musculature is sutured back to its original position with two to three sutures, but the fascia distally is left open.
Two one-eighth-inch suction drains are inserted, the skin is closed, and a sterile compression dressing is applied. The patient is allowed full motion postoperatively from a posterior protective plastic splint but is kept touch weight bearing ( 15 kg) for six to eight weeks until the osteotomy appears united on roentgenograms. At that time full weight bearing is allowed as tolerated ( Fig. 4) .
RESULTS
Overall, roentgenographic review was available for 36 patients with 4 1 osteotomies with an average time following surgery of 22.6 months (range, six to 48 months). Fourteen patients were female and 22 were male. The average age at the time of surgery was 56.7 years (range, 30-79 years).
Preoperatively, the average femorotibial angle measured 2.7" of varus (range, 0"-9" varus) and was corrected postoperatively to an average valgus angle of 11.4" (range, 8"-17"). At the time of review, the valgus angulation was still maintained with an average of 1 1 . 1 " (range, 2"-16") and an average change in angulation of less than I ".
In those 33 patients with 38 osteotomies in whom a follow-up orthoradiogram was available, the mechanical axis and hip-kneeankle angles were determined. The average hip-knee-ankle angle measured 184" (range, 180"-193"), and the mechanical axis passed on average through the lateral tibia1 plateau 4 1.7% (range, 0%-1 10%) of its width, which corresponded to a point just medial to the center of the lateral plateau measured on the AP film. 6 1-year-old male patient with swelling and medial joint discomfort of his left knee. One-leg standing roentgenogram reveals a 2" varus deformity. (B) Varus stress view demonstrates narrowing of the medial compartment. (C) Valgus stress view demonstrates maintenance of the lateral compartment joint space.
FIGS. 4A-4C. (A) A
Complications included one deep-vein thrombosis requiring treatment. There were no infections and no nonunions in this series of patients. Three patients had a significant loss of the postoperative correction angle. All three were related to technical errors at the time of surgery. In all three cases, the medial cortex was fractured intraoperatively, rendering an unstable situation. In two of the three cases, there were additional technical problems. In the first, the osteotomy had been performed transverse rather than oblique, the plate was inserted into the osteotomy site so that there was no fixation in the proximal fragment, and subsequently the leg drifted into varus (Fig. 5) . The fixation was removed, and an external fixator was used to salvage the situation. In the second case, the medial cortex was fractured, and both screws were inserted outside the osteotomy. This resulted in lateral displacement of the distal fragment and subsequent collapse into varus. An external fixator was used to correct this situation as well. It was obvious, therefore, that once the medial cortex was fractured, not even the plate and two screws were sufficient fixation to maintain proper correction. In these cases more stability is necessary, and an external fixator or a cast is recommended if this complication should occur. Three patients have subsequently been treated with removal of the internal fixation because of irritation of the soft tissues caused by the underlying screw heads.
The second portion of the study consisted of a clinical follow-up evaluation of 14 patients with 17 osteotomies. This subgroup was similar to the whole group with an aver-FIGS. 4D-4G. (D) Intraoperative roentgenogram taken after the osteotomy was performed to assure correct positioning of the plate and screws. (E) Roentgenogram of the patient's knee ten weeks postoperatively. The patient was allowed motion postoperatively with touch weight bearing. Full weight bearing was allowed after six weeks. After four weeks of weight bearing, the fixation remains in good position. (F) At 16 weeks the patient had a full, painless range of knee motion and was ambulating without aids. The fixation remains unchanged and the postoperative angle of correction has been maintained. (G) One year following surgery, the patient has an excellent result. The orthoradiogram demonstrates a hip-knee-ankle axis of 183", and the weight bearing axis passes through a point 25% of the lateral tibia1 plateau width. The angle of correction continues to be maintained. age age of 56.7 years (range, 39-66 years). The average follow-up time was 35.2 months (range, 24-48 months). Good or excellent results, according to the HSS knee score, were present in 14 (83%) of the 17 osteotomies. These results are similar to those reported in the existing literature. One case was revised to a hemiarthroplasty two years following the ostedomy and accounts for the one poor result.
DISCUSSION
Various theories have been suggested to explain the beneficial effects of proximal tibial osteotomy. Arnoldi et al.* proposed that the mechanism involves a reduction of intraosseous pressure following the osteotomy. Most ' J~,~~ h owever, have suggested that the long-term efficacy of the procedure is related to the mechanical realignment of the affected extremity so that the load is transferred from the diseased medial compartment into the normal lateral compartment while weight bearing. If this mechanical realignment can be maintained, good long-term results should be attainable.
Hernigou et aL9 reported that all patients in that series who had maintained their postoperative angle of correction continued to have good results. Insall et ul." noted that an in-FIGS. 5A-5C. (A) One of the cases that lost correction, illustrating some of the technical pitfalls that should be avoided. A postoperative roentgenogram demonstrating two major technical errors. The medial cortex has been fractured, rendering an unstable situation, and the blade of the plate has been inserted too close to the osteotomy and medially even into the osteotomy site. The plate, therefore, has little fixation into the proximal fragment. (B) One month later the tibia has collapsed into varus. (C) The situation was salvaged using an external skeletal fixator. crease in arthritic changes was seen in all patients' knees that had undergone a change in angulation from the postoperative result.
The method of fixation presented in this paper seems to be relatively stable with no loss of correction, at least in the early stages while the osteotomy is healing when loss of correction is likely to occur.12.22.24,28 Th' 1s maintenance of correction was possible even though a full unrestricted range of motion was allowed postoperatively. The cases in which correction was lost were a result of technical misadventure and fracture of the medial cortex. Maintaining the medial corticoperiosteal hinge is necessary to provide additional stability. Without this hinge, the osteotomy becomes similar to a proximal tibia1 fracture, and the fixation system described is not sufficient to provide stability in this situation. Additionally, if the hinge is broken, lateral displacement of the distal fragment occurs easily, especially with the insertion of the screws, which pulls the distal fragment over. The resultant displacement causes the medial cortex of the distal fragment to be buttressed against cancellous bone of the proximal tibia, which is much weaker and allows collapse more easily than if there is cortex-to-cortex contact.
Because the results demonstrate that maintenance of correction is possible, then it may also be possible to improve the longterm results, although the necessary amount of correction must still be determined. There is much variation in the literature concerning the suggested angle of correction. Aglietti ' has now been adopted as the ideal amount of correction at the authors' institution ( Fig. 6) .
Retrospectively reviewing the results for postoperative correction angles was the most disappointing aspect of this study. Although the average mechanical axis passed through a point 41.7% of the width of the lateral tibial plateau, the variability of these results was disturbing, ranging from 0% to 110% (mechanical axis lateral to lateral tibial plateau).
Only 19 of the 38 osteotomies (50%) fell into a range of 25%-45%. In the same patients, the hip-knee-ankle angle averaged 184", but again the variability (range, 180"-193") was discouraging. In this group only 16 of the 38 osteotomies had a hip-knee-ankle angle between 183" and 186". Therefore, despite good early clinical results and the possibility that correction would be maintained, most osteotomies were destined for failure if the criteria of Fujisawa et and Hernigou et aL9 for good long-term results were accepted. Using those criteria, only 50% good results can be expected after ten years. This disturbing fact was more than enough evidence to convince the authors that more than simple preoperative planning is necessary to perform a precise osteotomy. estimating the osteotomy with one's eye was not recommended. Therefore, the need for a cutting jig when performing the osteotomy seems obvious. Although no evidence exists in the literature to suggest that precision is associated with better clinical results, there is evidence to suggest that a jig allows a more precise and predictable osteotomy. FIG. 7. Preoperative planning steps to determine the amount of correction necessary to result in a mechanical axis that passes through a point 30%-40% the width of the lateral tibial plateau. Line I is the predicted mechanical axis and starts at the center of the femoral head, passing through a portion of the lateral tibial plateau, which is measured to be between 30% and 40% of the lateral plateau width and extrapolated to the level of the projected position of the center of the ankle. Line 2 runs from the medial corticoperiosteal hinge or pivot point where the arms of the osteotomy will meet, down to the center of the ankle. Line 3 runs from the medial pivot point to the projected position of the center of the ankle. The angle x subtended by lines 2 and 3 is the desired amount of correction. Therefore, the use of a jig has now become routine on osteotomies performed at this hospital. The design of the jig being used remains in the prototype stage and is not available for commercial use. The current protocol has changed somewhat so that preoperatively all patients have weight-bearing orthoradiograms as well as varus and valgus stress views and one-leg standing roentgeno-grams. From the orthoradiograms, the osteotomies are planned ( Fig. 7) . A line is drawn from the planned position of the medial corticoperiosteal hinge to the center of the ankle joint.
Because the recommendations of Fujisawa et a1. 8 are now followed, a second line is drawn for the projected mechanical axis that passes from the center of the femoral head through a point 30%-40% of the width of the lateral tibial plateau and is extrapolated to the level of the projected position of the ankle. A third line is then drawn from the medial corticoperiosteal hinge (because this is the pivot point) to the projected position of the center of the ankle. The first and third lines thus subtend an angle, which is the desired angle of correction. The jig now being developed to precisely cut this angle utilizes the preselected medial hinge point as the point where the osteotomy cuts meet. With this planning and use of the prototype jig, achieving desired results has been more frequent. This new subgroup of patients will form the basis of a new study, analyzing both precision and maintenance of correction.
Finally, a comment should be made regarding the clinical results in those patients reviewed following a minimum of two years from the time of surgery. The early results are not significantly different from those existing in the current literature. The intent of this paper was not to demonstrate that early clinical results were better than those previously reported but rather to assure that these results were not adversely affected by the changes in technique that were employed. Neither the changes in technique nor the small technical errors in judging the amount of correction necessary seemed to have significant effects in the early stages. Therefore, the early beneficial effects of osteotomy may indeed be related to other factors as well as mechanical alignment.
The fixation system presented appears to have the desired characteristics of providing early stability so that correction is maintained even in the presence of immediate postoperative knee motion. This system may therefore be more desirable for fixation and may aid in improving long-term results by maintaining correction. It is now necessary to be able to achieve precise amounts of correction to determine if control of these two variables can lead to an improved, long-term clinical outcome.
